
����������	�
��������������������	�
���� �"!$#�%'&)(+*-,.,.!0/ #1!$#

24365 798;:9<

=?>A@CBEDFDFG�HI@KJFLNMPORQS>AJ�T�@VUXWYUZJ\[ ONM^]_@VU.@KLa`cbEdAdAU.JFb\e.>A@KQ
f0gihYgijlknmpo0qsr.tuqskwvwv'xzy 1 {E|\}u~ x_���z�z��kwy$miy 2 {E� qsh ~�~ r6��k }u} kwy$miy 3 qsy��l��qs��k���f.�V� }u� mih 4

�V���i�z�i���n�����S�P�������¡ ��P���+�i¢�£¤�n�i¢n ¦¥s�P¢n���§�¨��£��u©i�+¢����uªE«¬ª$�\¥�¢n�u©§�����F��¨�����®£�¥z¯�¥s�P¢�¥�¢n�+���®°^�n����z£�±²�i¢E³�´i´�µ�«1±²¢��� ¦����¢n�P�
 ¶�§���P·®£P¸V¹º���n��¢��1£K�i�������z¯����P©��P���»±¼�z�½£¤�n�i¢n c�®£��¿¾�¥s�+°¿���+�-«1¯i°¿����©§�»�¤ÀÁ±²¢��� X��·��N��¢Â¯���·®£FÃ¤Ä+Å½�i¢K ¶�i¢n�E¢n�P©i��·�������i�z£K��·��1Æ$ªK�·�·
Ç �¶� Ç £��+¢�©u¯ Ç ·��¸E¹w�¨¥z¯i¢��n��°P��·®¯�¢�������ÄPÅÉÈiÈ¶�n¢n¯i�·ZªK��··0¥z¢��u©§�®���\�+���z¯��1°¿�+��¯i°¿����©É��¤À��i�I³�´�´iµ½Ê��u©i�P  Ç �+¢aÄËµNÌ��ÍªK����lÎ¬Ï�Ð
�+£����� Ñ¯u���Ë�N¯���¯ Ç �i����Ä+´�´�¸ZÒ���¢������+¢K ¶�����¢V�P���z¯i�z°¿�+ ¶�P�É�n£V¯�¢n��¥�¢��Ë���®°^���Ë�Á���NÊ��u©i�P  Ç �+¢�Ä+È\¯���¯�¢n�i���z�

07h Ó 08h Ì��p¯��z�¯u���i�����+¢V���� ��Ë£$±²¢��� XÊ��u©i�P  Ç �+¢�Ä+È\���Á³i³�«� Ñ¯�Ô§��z�\�n���E·�����i�Ë£¤�K�P¾§¥s�+°¿���Ë�A�S�P�������N ¶�¿�n�P�i¢�£����uª$�P¢Ë¸
ÐK�+°P�P��©i�Ë�A³i´i´iµÑÕ�°^�n� Ç �P¢�³�³

Ö ×ÉØÚÙ§ÛzÜVÝ�Þ�ßsÙ�à¤ÜÚØ

These past five years (from 1998 to 2002) have seen
some exceptional Leonid activity (for a full review of the
observations, see Arlt & Brown 1999, Arlt & Gyssens
2000, Arlt et al. 1999, 2001, 2002, and Jenniskens 2002).
For the first time, some accurate predictions have also
been possible, thanks to a better knowledge of the dy-
namics of meteoroids in the Solar System. Following
the work of Kondrat’eva & Reznikov (1985) and Kon-
drat’eva et al. (1997), it was shown (Asher, 1999; Mc-
Naught & Asher, 1999) that the orbit of the mete-
oroids, instead of the orbit of the parent body alone,
is relevant to achieve such predictions. At the same
time Lyytinen & Van Flandern (2000), from a ‘satellite
model’ of the comet 55P/Tempel-Tuttle, and the con-
sideration of non-gravitational forces, derived a model
of the streams. This model has been enhanced (Lyyti-
nen et al., 2001) thanks to the quality of the observa-
tions and the Lorentzian profile of a shower deduced

by Jenniskens (2002). Recently, Vaubaillon (2002) used
the photometry of the comet to make a link between the
parent body and the level of the shower encountered.

A meteor storm occurs when the Earth passes close
to the center of a trail of material released at a particu-
lar perihelion return of the parent comet (Kondrat’eva
et al., 1997). Otherwise, a usual meteor shower is ex-
pected. Overall, meteor storms are therefore very rare.
The last one occurred in 2002 but, from the results of
computations, it appears that no other storm is ex-
pected for the coming decade. At present, no Leonid
storm until at least 2033 has yet been identified. The
question arises as to what will be seen in 2003. We
shall try to answer that in this paper, by presenting the
results of the above different modeling approaches.

á á0â¼â�ã�äFå-ÜÚØ�à�Ý�æ�ç�Û�åSÝ�à�ßsÙ�à¤Ü�Ø�æ
In his first work, Lyytinen (1999) found that the Earth
will encounter very old Leonid trails in 2003 Novem-
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ber. Following this result, Asher and Vaubaillon have
run their model for various trails, confirming Lyytinen’s
findings. Figure 1 shows the general circumstances of
the two main encounters. Figure 2 is a closer view
around each encounter.

Old streams have suffered many planetary pertur-
bations and are split into several parts. This is clearly
visible in Figure 1. As old trails are, generally speak-
ing, more dispersed than young ones, one can expect
a very low ZHR value for the two expected showers.
McNaught & Asher (2002) and Vaubaillon (2002) have
independently shown the presence of gaps in meteoroid
streams, and their relevance for making meteor shower
forecasts. But because of the complexity of gravita-
tional perturbations, there can, in addition to the gaps,

be dense parts in a stream, increasing the ZHR. Ta-
ble 1 provides the timing and the ZHR value from the
different approaches of the authors.

There is a lot of fine structure in old trails, and when
the original dust trail calculation method is applied to
the 1499 trail, multiple encounters are found (Figure 3).
The two most significant ones are the first two entries
in Table 1; the former is closer to the Earth’s orbit al-
though both nominally miss the Earth by well over ten
Earth diameters. In reality, material is dispersed over
this whole region (Figure 2, left plot), and activity may
last half a day (next entry in Table 1). Figure 3 shows
a lot of particles compressed into a small range of nodal
crossing times, effectively increasing fM compared to
the nominal values. The parameter fM (McNaught &
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Asher, 1999) measures the extent to which a trail has
stretched in the along-orbit direction, being 1.0 for a
1-revolution trail and closer to zero for more stretched
(lower density) trail sections. We can see from Table
1 that the conditions of the encounter with the 1499
stream are very good, with fM > 1. The high value in
Table 1 is somewhat surprising for such an old stream,
but again gravitational perturbations have a compli-
cated influence on the streams. Lyytinen (1999) pointed
out that the 1499 stream is one revolution late, com-
pared to the parent body, comet 55P/Tempel-Tuttle.

The difference between Lyytinen and Vaubaillon’s
results for the 1533 stream comes from the very poor
number of simulated particles selected by the method
(see Vaubaillon, 2002). It is then hard to compute a
density that makes sense. The value of 100 for ZHR
is thus very uncertain. The Asher & McNaught timing
is for the nominal center of the trail, which the Earth
misses by only a small distance; rE−rD = −0.0002 AU
(cf. McNaught & Asher, 1999). The miss distance for
the 1333 trail is much larger; rE − rD = −0.0017 AU.

Another consequence visible in Table 1 is that the
two main showers are separated by 6 days. During the
recent Leonid observations (1998–2002), this has never
been observed. This is more surprising since the two
streams have only one revolution difference.

ã L�à�æ§ß;Þ�æ§æ§à¤Ü�ØNM0Ø�Ý ß¬ÜÚØ�ßPO�Þ�æ§à¤Ü�Ø�æ
The different models agree fairly well overall because
they are all based on orbital dynamics. It is worth men-
tioning that the differences for very old streams seen
in these predictions result from different cometary ele-
ments at time of ejection. Lyytinen uses the orbit of
Nakano (1999), whereas Vaubaillon uses P. Rocher’s
one (personal communication). Differences in non-
gravitational parameters induce, after a long time in-

tegration (here more than 1000 years), a very different
time of perihelion. The same problem has been encoun-
tered with 2003 Perseids between Lyytinen and Vaubail-
lon’s approaches. The orbit of 55P/Tempel-Tuttle is in-
creasingly poorly constrained going back in time from
the 1366 return, when the comet was first observed. Al-
though an accurate orbit for the comet is the essential
input parameter to the trail encounter calculations, ob-
serving the meteors may conversely provide information
on the time of perihelion of comet 55P/Tempel-Tuttle a
long time ago, by showing which of two possible orbits
better matches the observations. If one observation dis-
credits one orbit solution, it does not however definitely
prove that the other one is the correct one. Indeed, a
negative observation is a necessary condition to refute
one solution, but is not sufficient to accept another one.
At any rate, as such old streams are very perturbed, the
ZHR is expected to be low.

Even if the Leonid meteor storm period (Lyytinen,
1999; McNaught & Asher, 2002) is over now, the year
2003 will provide good conditions to observe some show-
ers. The times in Table 1 correspond to Pacific and
east Asian regions being favored for the 1499 trail en-
counter, and Atlantic and east American regions six
days later for the 1533 encounter. We have to empha-
size that the last encounter with such old streams was
the famous 1998 one. On the other hand, this year
is expected to be poor in bright meteors. Although
details of the predictions are harder than for younger
trails, we encourage everybody to conduct some obser-
vations if possible. They will again help to constrain
the models of the streams, and also give information
on the orbit of the parent body more than 1000 years
ago. The encounter with the trail from 1733 is quite
a distant (∼0.003 AU) encounter in the nominal solu-
tion, but strong non-gravitational effects could bring
meteoroids near the Earth’s orbit. Even though this
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Trail Model ∆a0 fM Time ZHR

1499

Asher & McNaught 0.28 ∼0.03 Nov 13, 13h15m

Asher & McNaught 0.26 ∼0.8 Nov 13, 18h20m

Lyytinen 0.28 ∼1.6 Nov 13, 16h40m, half a day 100
Vaubaillon Nov 13, 17h17m 120

1533
Asher & McNaught 0.30 −0.04 ∗ Nov 19, 06h30m

Lyytinen 0.30 ∼0.1 Nov 19, 08h dozen(s)
Vaubaillon Nov 19, 07h28m 100

1333
Asher & McNaught 0.12 ∼0.02 Nov 20, 00h50m

Lyytinen ∼0.02 Nov 20, 01h30m 20
Vaubaillon Nov 20, 01h26m 15

736
Lyytinen −0.008 Nov 22, 21h 10

Vaubaillon Nov 22, 22h02m 2

636 Vaubaillon Nov 23, 02h56m 10

1733 Lyytinen 0.11 Nov 19, 00h25m a few dozen?

∗ Negative values of fM occur when the order of meteoroids is reversed due to planetary perturbations. The
degree of dispersal when fM = −0.04 is the same as when fM = +0.04.
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encounter is expected to give only weak rates, observa-
tions of this could determine the existence or absence
of such a strong non-gravitational effect.
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